Abstract. the granulins, a novel class of peptides from leukocytes, are growth factors that mediate cycle progression and the motility of epithelial and mesenchymal cells. they are also involved in tissue repair and tumorigenesis. We investigated granulin expression in intracranial meningiomas by reverse transcription-polymerase chain reaction and correlated its expression to clinical parameters. Seventy-nine patients who underwent tumor removal for intracranial meningiomas were included in this study. Granulin expression was analyzed in respect to clinical parameters including age, gender, tumor size and peritumoral brain edema (ptBE). Granulin was expressed in the tumors of 29 of 79 (36.7%) patients with intracranial meningiomas, and its presence or absence was correlated to tumor size and ptBE volume. however, granulin expression did not vary significantly according to patient age or gender. Our data provide improved understanding about the clinical implications of granulin expression in intracranial meningiomas. additionally, our information suggests a potential role for granulin as a molecular target in the management of meningiomas.
Introduction
Growth factors constitute a family of multifunctional proteins that play important roles in the growth, development and maintenance of tissues (1) . however, they also promote malignant phenotypes by enhancing cellular proliferation, survival, migration, invasiveness, acquisition of new vasculature and the ability of tumor cells to escape detection by immune cells (2) . Growth factors such as transforming growth factor-α (tGF-α) and macrophage colony stimulating factor (m-cSF) have been shown to regulate meningioma growth. Several angiogenic growth factors including vascular endothelial growth factor, (VEGF), placental growth factor, hepatocyte growth factor/ scatter factor and basic fibroblast growth factor (bFGF), have also been shown to be potential factors in intracranial meningiomas (3) (4) (5) .
the granulin family of growth factors are from leukocytes and are known to mediate cell cycle progression and the cell motility of epithelial and mesenchymal cells (6, 7) . high levels of granulin expression have been found in several types of cancers including those of the kidney, brain and stomach (8) (9) (10) . Overexpression of granulin has also been linked to the growth and tumorigenicity of human breast carcinomas (11, 12) . Furthermore, granulin mrna levels are elevated in high-grade primary brain tumors (9) . meningiomas are common brain tumors and most are benign in their pathology. however, meningiomas frequently accompany peritumoral brain edema (ptBE) associated with malignant brain tumors. meningioma develops in the meninges and originates from a multiple layer of mesenchymal cells (13) . Granulin, which is mostly expressed in epithelial cell tumors, has not previously been reported in intracranial meningiomas, and its clinical implication in meningiomas has not been verified.
in this study, we investigated granulin expression in intracranial meningiomas and analyzed the association of this growth factor with clinical parameters including demographic data, tumor size and ptBE volume.
Materials and methods
Patients. Samples were obtained from 79 consecutive patients who underwent surgical removal of brain tumors that were confirmed pathologically as meningiomas between October 2002 and august 2005. the patient group included 15 (19%) men and 64 (81%) women ranging in age from 16 to 84 years (median 59 years). tumor size and ptBE volume were measured on pre-operative magnetic resonance (mr) images. the greatest anteroposterior (a) and lateral (b) diameters were obtained on axial contrast enhanced t 1 -weighted (t 1 W) images, and the greatest height (c) of the tumor on the coronal contrast enhanced t 1 W mr images was measured to calculate the tumor size. the ptBE volume was estimated in the same manner on t 2 -weighted (t 2 W) mr images. the volume was calculated by the formula V (cm 3 ) = 4/3 x πabc.
Tumor specimens. Freshly excised meningioma tissues were collected during craniotomies for their resection or during biopsy. the tissues were stored quickly in a deep freezer at -70˚C prior to processing.
Reverse transcription-polymerase chain reaction (RT-PCR).
anonymized samples of frozen meningiomas were retrieved from the deep freezer, and rna extraction was carried out using the SV total isolation system (promega, madison, Wi, uSa) according to the manufacturer's protocol. For each reverse transcription reaction, we combined 25 µl access Quick master mix 2x (promega), 1 µl upstream primer (5'-tcc acG tGc tGt Gtt atG Gt-3'), 1 µl downstream primer (5'-ctG ccc tGt taG tcc tct GG-3'), 5 µg rna template and nuclease-free water to a final volume of 50 µl. amV reverse transcriptase (1 µl) was added to the above mixture as the final component and mixed by gentle vortexing. Reaction tubes were incubated at 45˚C for 45 min. The PCR reaction was carried out using 3 µl of the reverse transcription reaction product. Thirty-five cycles of touchdown PCR were performed according to the manufacturer's protocol and consisted of 95˚C for 3 min, a one-degree decline in annealing temperature 55˚C for 1 min, extension reaction at 72˚C for 6 min and then maintaining the reaction at 4˚C overnight. After that, PCR products were stored at -20˚C. A single reaction void of template was performed with each experiment as a negative control. after mixing 8 µl of pcr products and 2 µl of loading buffer, mixtures were electrophoresed on a 2% agarose gel, stained with ethidium bromide and visualized by ultraviolet illumination (Fig. 1) . the optical density (Od) for granulin mrna concentration was measured by spectrometry, and its ratio to β-actin concentration was obtained.
Statistical analysis. data were analyzed using SpSS version 11 (SpSS inc., chicago, il, uSa). the Student's t-test was employed to compare the differences in tumor size and ptBE volume between the granulin-positive and -negative tumors. correlations of mrna concentrations to tumor and ptBE volumes were analyzed by pearson's correlation test. all data are expressed as the mean ± standard deviation. differences with a p-value of <0.05 were regarded as statistically significant.
Results

Patient characteristics.
Granulin was expressed in tumors of 36.7% (n=29) of the patients with meningioma. the mean age of patients who were positive for expression of granulin was 53.7±1.6 years and 58.4±16.4 years for patients with granulin-negative tumors. the difference in ages between the two groups was not statistically significant (P>0.05). Granulin was expressed in 24 of 64 female patients (37.5%) and in 5 of 15 male patients (33.3%). the frequency of granulin expression according to gender was also not significantly different (P>0.05) ( Table I) .
Correlation of tumor volume and granulin expression. the mean tumor volume for all of the patients was 34.7±3.1 cm 3 . the mean tumor volume for the 50 patients with granulin-negative tumors was 24.9±2.8 cm 3 , whereas the average volume for patients with granulin-expressing tumors was 51.5±5.9 cm 3 , which was a statistically significant difference (P<0.05) (Fig. 2a) . the relative ratio of Od for granulin detected in granulin-expressing tumors was 0.57±0.47 (range 0-1.58), but it did not correlate to tumor volume (r 2 =0.04, P>0.05) (Fig. 2B) .
Relationship between PTBE volume and granulin expression. the mean ptBE volume for all of the patients was 71.7±9.3 cm 3 . the mean ptBE volume was 52.9±10.6 cm 3 in patients whose tumors did not express granulin expression, while it was 104.2±15.9 cm 3 in patients with granulin-positive tumors. this marked difference in ptBE volume according to granulin expression was also significant (P<0.05) (Fig. 3A) . however, as with tumor volume, the relative amount of granulin did not correlate to ptBE volume (r 2 =0.01, P>0.05) (Fig. 3B) .
Discussion
We observed granulin expression in the intracranial meningiomas and found that it correlated to tumor size and ptBE volume. however, the differences we observed in granulin expression according to the demographic factors of age and gender were not significant.
Growth factors identified to date, such as TGF-β, m-cSF and lysophosphatic acid have been shown to replicate cancer cell growth and survival in vitro and in vivo (15) (16) (17) (18) (19) . the role of growth factors in intracranial meningioma development and progression appears to be complex and multifactorial (13) . compared to other well-established growth factors, such as insulin-like growth factor, VEGF and fibroblast growth factor, information about granulin is much more limited, although it has been shown that the granulin gene is readily induced when quiescent cells are aroused into a state of proliferation and motility, such as in neoplastic transformation, or in the case of tissue injury of dermal connective tissue (20) . Four isoforms of granulin, a, B, c and d, have been isolated from human inflammatory cells. Granulin A was found to be the most abundant and has been characterized in full using microsequencing techniques. partial aminoterminal sequences were obtained for granulins B, c and d, and these sequences indicate that all four human granulins are closely related. A fifth human granulin, granulin F, has recently been isolated from urine (21) . in humans, the granulin precursor is 593 amino acids long, and each of the five human granulins that have been isolated as individual peptides is represented in the common precursor. the human granulin gene is located on chromosome 17, and the proteincoding region of the granulin gene is constructed of 12 exons. the intronic splice sites are positioned approximately in the middle of each granulin motif such that, at the genetic level, the 12-cysteine motif is split into two hemigranulin subdomains (22, 23) . also of interest are the surprising parallels between the granulin and epidermal growth factor systems. there is no direct correlation between epidermal growth factor receptor overexpression and granulin-induced growth regulation. in a study of brain tumors it was found that granulin mrna was expressed predominantly in glial cell tumors, while expression was not detected in non-tumor brain tissues. This finding suggests that granulin may play a role in the pathogenesis and/or malignant progression of primary brain tumors (9) . in a previous study, the highest levels of granulin were found in the placenta and the spleen, although levels were also high in several reproductive tissues, most notably the ovary, and also in the epidermis (24) . Granulin modulates the growth of epithelial and mesenchymal cells in vitro, and high levels of expression have been found in several types of cancers (8) (9) (10) . Overexpression of granulin has also been linked to the growth and tumorigenicity of human breast carcinoma (11, 12) . previous studies have shown that granulin expression occurs predominantly in epithelial cells, with little expression in mesenchymal cells, muscle or endothelium (25) . in this study, we also observed granulin expression in meningiomas originating from mesenchymal cells. Granulin E promotes neuronal survival and enhances neurite outgrowth in cultured neurons (26) . the differential expression of granulin in human gliomas was confirmed by northern blot analysis, which showed a transcript of 2.1-kb expressed in 86% (18 of 21) of human gliomas. it is possible that granulin expression is mitigated by radiation and/or is related to higher malignancy and tumor progression (9) . the results of our study showed that granulin expression was correlated to tumor size and ptBE development of intracranial meningiomas. This finding suggests that granulin may affect the progression of meningioma as it does in gliomas. however, one limitation of our study is that granulin was investigated at the mrna level, and additional studies may be required to verify granulin expression at the protein level.
--------------------------------------------
In conclusion, we confirmed the expression of granulin in intracranial meningiomas and found that its expression is correlated to tumor size and ptBE volume. this information provides a novel insight into the molecular biology of intracranial meningiomas and suggests a potential target for management of unresectable or malignant meningiomas. Further study is required to verify the role of granulin in the molecular biology of intracranial meningiomas.
